We have shown how the quantization of two-dimensional quantum gravity with an action which contains only a positive cosmological constant and boundary cosmological constants leads to the emergence of a spacetime which can be described as a constant negative curvature spacetime with superimposed quantum fluctuations.
Introduction
The causal dynamical triangulations approach to quantum gravity (CDT) is an attempt to define the gravitational path integral in a background independent and nonperturbative manner. As in the case of Euclidean dynamical triangulation approaches (DT), CDT provides a regularization of the path integral through a sum over piecewise linear geometries where the edge length of the individual building blocks serves as an ultraviolet cutoff. However, in contrast to DT a global time foliation is imposed on each individual history in the path integral.
The method of CDT was first applied to two-dimensional quantum gravity where the model was shown to be analytically solvable [1] . Although twodimensional quantum gravity does not have any propagating degrees of freedom it is a fertile playground to study certain aspects of diffeomorphism invariant theories. Among the issues that have been addressed within the two-dimensional framework are the inclusion of a sum over topologies [2] and the emergence of a background geometry purely from quantum fluctuations [3] where the latter is the subject of this article.
One of the most natural quantities to study in CDT is the loop-loop-propagator which is the amplitude for a transition from a spacelike loop with boundary cosmological constant X to a loop with boundary cosmological constant Y in time T ,
where the action only includes bulk and boundary cosmological constants, since the curvature term in the Einstein-Hilbert action is trivial in 2D. Evaluating the path integral using the CDT regularization and taking the continuum limit yields the following [1]
whereX(T, X) is the solution of
2 The emergence of AdS 2
To determine the background geometry of the 1+1 dimensional universe we calculate the average spatial length at proper time
Evaluating the average length at the boundary t = T and taking the limit
Interestingly, one observes that there is a special value Y =− √ Λ of the boundary cosmological constant for which the boundary length diverges and the geometry becomes non-compact. Using this critical value for the boundary cosmological constant Y one can obtain the boundary length for finite T
Instead of using boundary cosmological constants one can also fix the spatial length of the boundaries. Using the Laplace transformed propagator G Λ (L 1 , L 2 ; T ) we can evaluate the average spatial length L(t) L 1 ,L 2 ,T for fixed lengths L 1 and L 2 of the boundary loops.
In the following we want to investigate the quantum geometry in the case where it becomes non-compact. Therefore we set the boundary length at t = T to the critical value L c (T ) as defined in (6) and for simplicity we shrink the spatial geometry at t = 0 to a point. In the limit T → ∞ one obtains the average length of the spatial geometry at proper time
Due to the fact that L and T are defined from the continuum limit of a simplicial geometry there is a relative constant of proportionality that can only be fixed by comparing with continuum calculations [4] yielding L cont (t) = π L(t) . From this result the metric for the background geometry is readily obtained,
This is nothing but the metric of the Poincaré disc which can be seen as a Wick rotated version of AdS 2 with constant negative curvature R = −8Λ.
To better understand the quantum nature of the geometry it is useful to compute the fluctuations of the spatial length. From expressions analogous to (4) one can determine the relative fluctuations
Surprisingly, the fluctuations of the spatial geometry become exponentially small for t ≫ Λ −1/2 . Concluding from Eqs. (8) and (9), one can view the quantum geometry as a version of Wick rotated AdS 2 dressed with small quantum fluctuations.
Discussion
We have shown that in 2D quantum gravity defined through CDT there is a transition from compact geometry to non-compact AdS 2 -like geometry for a special value of the boundary cosmological constant. This phenomenon is similar to the Euclidean case where non-compact ZZ-branes appear in a transition from compact 2D geometries in Liouville quantum gravity [5] . A surprising feature of the CDT result is that the fluctuations become exponentially small which enables us to interpret the emerging AdS 2 spacetime as a genuine semiclassical background. It is interesting that similar results have been reported in four-dimensional CDT where numerical simulations indicate the emergence of a semi-classical background from a nonperturbative and background-independent path integral [6] .
